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QUANTUM DOT LIGHT - EMITTING DIODE In some embodiments , the electron blocking layer 
AND MANUFACTURING METHOD includes Ag . 

THEREOF In some embodiments , the second particles have a diam 
eter in a range from about 1 nm to about 3 nm . 

CROSS - REFERENCE TO RELATED In some embodiments , the first particles and the second 
APPLICATION particles are CdSe . 

In some embodiments , the electron blocking layer 
This application claims priority to Taiwan Application includes CdSe . 

Serial Number 108105677 , filed Feb. 20 , 2019 , which is In some embodiments , the quantum dot light - emitting 
herein incorporated by reference in its entirety . diode further includes at least one hole transporting layer 

and an electron transporting layer . The hole transporting 
BACKGROUND layer is disposed between the anode electrode layer and the 

electron blocking layer . The hole transporting layer is in 
Field of Invention direct contact with the electron blocking layer . The electron 

transporting layer is disposed between the cathode electrode 
The present disclosure relates to a quantum dot light- layer and the light - emitting layer . The electron transporting 

emitting diode and a manufacturing method thereof . layer is in direct contact with the light - emitting layer . 
In some embodiments , a method of manufacturing a Description of Related Art 20 quantum dot light - emitting diode includes disposing a trans 

parent electrode on a substrate ; disposing a Cd - containing 
The electrons with unstable excitation states in a quantum layer on the transparent electrode ; doping the Cd - containing dot ( QD ) light - emitting diode transfer from the Highest layer with a plurality of p - type dopants ; disposing a light 

Occupied Molecular Orbital ( HOMO ) to the Lowest Unoc emitting layer on the Cd - containing layer ; and disposing a 
cupied Molecular Orbital ( LUMO ) and hence a luminescent 25 metal electrode on the light - emitting layer . 
phenomenon occurs . Since the quantum dots have a high In some embodiments , the method further includes dis 
extinction coefficient , and a good quantum yield , the quan- posing an organic layer between the Cd - containing layer and 
tum dots can emit strong fluorescence . A wavelength of light the transparent electrode . The organic layer is a multi - layer 
emitted from the quantum dots can be controlled by a size structure . 
of the quantum dots so that by controlling the size of the 30 In some embodiments , method further includes disposing 
quantum dots , the spectrum of visible light can be emitted . a metal oxide layer between the metal electrode and the 
A conventional quantum dot light - emitting diode cannot Cd - containing layer . The Cd - containing layer includes a 

control a balance between the electrons and the holes and plurality of quantum dots having a diameter in a range from 
keep the electrons in the light - emitting layer simultaneously , about 1 nm to about 3 nm . 
and therefore the light emission efficiency of the device is 35 It is to be understood that both the foregoing general 
low and the device lifetime is reduced . description and the following detailed description are by 

examples , and are intended to provide further explanation of 
SUMMARY the invention as claimed . 

Some embodiments of the present disclosure provide a 40 BRIEF DESCRIPTION OF THE DRAWINGS 
quantum dot light - emitting diode and a manufacturing 
method thereof . By disposing an electron blocking layer The invention can be more fully understood by reading 
between the light - emitting layer and the hole transporting the following detailed description of the embodiment , with 
layer , a balance between the electrons and the holes is reference made to the accompanying drawings as follows : 
improved effectively . An influence of the electrons on the 45 FIG . 1A is a cross - sectional view of a quantum dot 
hole transporting layer is prevented . Therefore , device effi- light - emitting diode according to some embodiments of the 
ciency and a device lifetime are improved . As a result , a present disclosure ; 
stability of utilization of quantum dots is enhanced . FIG . 1B is a cross - sectional view of a quantum dot 
Some embodiments of the present disclosure provide a light - emitting diode according to some other embodiments 

quantum dot light - emitting diode . A quantum dot light- 50 of the present disclosure ; 
emitting diode includes a substrate , an anode electrode layer , FIG . 2A is a graph illustrating current density - voltage 
a cathode electrode layer , a light - emitting layer , and an ( J - V ) curves of the quantum dot light - emitting diodes of 
electron blocking layer . The anode electrode layer is dis- Examples 1 and 2 according to the present disclosure and a 
posed on the substrate . The cathode electrode layer is Comparative Example ; 
disposed on the anode electrode layer . The light - emitting 55 FIG . 2B is a graph illustrating current efficiencies of the 
layer is disposed between the cathode electrode layer and the luminance of the quantum dot light - emitting diodes of 
anode electrode layer . The light - emitting layer includes a Examples 1 and 2 according to the present disclosure and a 
plurality of first particles . The electron blocking layer is Comparative Example ; 
disposed between the light - emitting layer and the anode FIG . 3 is a graph illustrating luminance - voltage ( L - V ) 
electrode layer . The electron blocking layer includes a 60 characteristics of the quantum dot light - emitting diodes of 
plurality of second particles . The first particles and the Examples 1 and 2 according to the present disclosure and a 
second particles are quantum dots . A size of the second Comparative Example ; 
particles is smaller than a size of the first particles . FIG . 4 is a cross - sectional view of an electron - only device 

In some embodiments , a material of the first particles and according to some embodiments of the present disclosure ; 
a material of the second particles are substantially the same . 65 FIG . 5 is a graph illustrating current density - voltage ( J - V ) 

In some embodiments , the electron blocking layer curves of the electron - only device of an Example according 
includes a plurality of p - type dopants . to the present disclosure and a Comparative Example ; 
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FIG . 6 is a cross - sectional view of a hole - only device The first particles may be a nanoscale semiconductive 
according to some embodiments of the present disclosure ; material formed of a compound of group II and group VI or 
and a compound of group III and group V elements of the 
FIG . 7 is a graph illustrating current density - voltage ( J - V ) periodic table of elements , such as , for example , Cadmium 

curves of the hole - only device of an Example according to 5 Selenium ( CdSe ) , Cadmium Sulfide ( CDS ) , Cadmium Tel 
the present disclosure and a Comparative Example . luride ( CdTe ) , Zinc Selenium ( ZnSe ) , zinc telluride ( ZnTe ) , 

Zinc Sulfide ( ZnS ) , mercury telluride ( HgTe ) , Indium 
DETAILED DESCRIPTION Arsenide ( InAs ) , Indium Phosphide ( InP ) , gallium arsenide 

( GaAs ) , or the like , or a combination thereof . 
Reference will now be made in detail to the present The electron blocking layer 60 includes a plurality of 

embodiments of the invention , examples of which are illus second particles . In some embodiments , the second particles 
trated in the accompanying drawings . Wherever possible , may include quantum dots . For example , the second par 
the same reference numbers are used in the drawings and the ticles may be nanoscale semiconductive material formed of 
description to refer to the same or like parts . a compound of group II and group VI or a compound of 
FIG . 1A is a cross - sectional view of a quantum dot 15 group III and group V elements of the periodic table of 

elements , such as , for example , Cadmium Selenium ( CdSe ) , light - emitting diode 10 according to some embodiments of Cadmium Sulfide ( CdS ) , Cadmium Telluride ( CdTe ) , Zinc the present disclosure . The quantum dot light - emitting diode Selenium ( ZnSe ) , zinc telluride ( ZnTe ) , Zinc Sulfide ( ZnS ) , 10 includes a substrate 20 , an anode electrode layer 30 , a mercury telluride ( HgTe ) , Indium Arsenide ( InAs ) , Indium 
hole injection layer ( HIL ) 40 , a hole transporting layer 20 Phosphide ( InP ) , gallium arsenide ( GaAs ) , or the like , or a 
( HTL ) 50 , an electron blocking layer ( EBL ) 60 , a light- combination thereof . A thickness of the electron blocking 
emitting layer 70 , an electron transporting layer ( ETL ) 80 , layer 60 may be in a range from about 10 nm to about 15 nm . 
and a cathode electrode layer 90. The anode electrode layer In some embodiments , a material of the first particles and 
30 is disposed on the substrate 20. The hole transporting a material of the second particles are substantially the same . 
layer 50 is disposed between the anode electrode layer 30 25 For example , the first particles and the second particles 
and the electron blocking layer 60. The hole transporting include CdSe . In some embodiments where the first particles 
layer 50 is in direct contact with the electron blocking layer and the second particles including CdSe , a size of the second 
60. The light - emitting layer 70 is disposed between the particles is smaller than a size of the first particles . For 
cathode electrode layer 90 and the anode electrode layer 30 . example , a diameter of the second particles is in a range 
The electron blocking layer 60 is disposed between the 30 from about 1 nm to about 3 nm . A diameter of the first 
light - emitting layer 70 and the anode electrode layer 30. The particles is greater than about 3 nm . An electric transport 
electron transporting layer 80 is disposed between the cath- property of a nanocrystal is related to a size thereof . For 
ode electrode layer 90 and the light - emitting layer 70. The example , an electron mobility increases with an increase in 
electron transporting layer 80 is in direct contact with the a diameter of the nanocrystal . A charge transport could be 
light - emitting layer 70. The cathode electrode layer 90 is 35 described in terms of the nearest - neighbor - hopping mecha 
disposed on the anode electrode layer 30 . nism with an activation energy and a pre - exponential factor . 

The substrate 20 may be a glass substrate , a metal The activation energy can be viewed as a size - dependent 
substrate , a plastic substrate , or a flexible substrate . The charging energy of an individual nanocrystal . Therefore , 
anode electrode layer 30 may be made of a conductive because a size of the quantum dot is proportional to the 
material having a high work function . For example , the 40 electron mobility , by making the size of the second particles 
anode electrode layer 30 may be made of a transparent smaller than the size of the first particles , an electron 
conductive material such as indium zinc oxide ( ITO ) , mobility of electrons in the electron blocking layer 60 is less 
indium zinc oxide ( IZO ) , or the like , or a combination than an electron mobility of the electrons in the light 
thereof . emitting layer 70. As a result , the electrons are effectively 

The hole injection layer 40 and the hole transporting layer 45 kept in the light - emitting layer 70 and device efficiency is 
50 may be organic layers . For example , the hole injection increased . The electrons are prevented from affecting the 
layer 40 may include , but is not limited to , molybdenum hole transporting layer 50. Therefore , a device lifetime is 
trioxide ( M003 ) , 1,4,5,8,9,11 - hexaazatriphenylene ( HAT- increased . A stability of utilization of the quantum dots is 
CN ) , or conductive polymers ( e.g. , poly ( 3,4 - ethylenedioxy- increased . 
thiophene ) ( PEDOT ) , or poly ( 3,4 - ethylenedioxythiophene ) : 50 In some embodiments , the electron blocking layer 60 is 
polystyrene sulfonate ( PEDOT : PSS ) . The hole transporting formed using a layer - by - layer ( LBL ) deposition . In particu 
layer 50 may include , but is not limited to , poly N - vinyl lar , by using the layer - by - layer ( LBL ) deposition to form the 
carbazole ( PVK ) , poly ( 4 - butylphenyldiphenylamine ) ( poly- electron blocking layer 60 , the second particles may have 
TPD ) , poly [ ( 9,9 - dioctylfluorenyl - 2,7 - diyl ) -co- ( 4,4 ' - ( N- ( 4- short ligands . Therefore , by changing the carbon chain 
sec - butylphenyl ) ) diphenyl - amine ) ] ( poly - TFB ) , tris ( 4 - car- 55 length of the ligands of the second particles , the electron 
bazoyl - 9 - ylphenyl ) amine ) ( TCTA ) , and N.N ' - bis ( 1- mobility and the hole mobility of the electron blocking layer 
naphthalenyl ) -N , N ' - diphenyl - 1,1 ' - biphenyl - 4,4 ' - diamine 60 is controlled . 
( NPB ) . The electron blocking layer 60 is doped with a plurality of 

In some embodiments , the light - emitting layer 70 may be p - type dopants prior to disposing the light - emitting layer 70 
a Cd - containing layer . In particular , the light - emitting layer 60 on the electron blocking layer . In some embodiments where 
70 includes a plurality of first particles . In some embodi- the second particles include CdSe , the p - type dopants may 
ments , the first particles may be quantum dots . The first be Ag . The electron blocking layer 60 may be substitution 
particles include a core in a central region thereof and a shell ally doped or interstitially doped with Ag . In some embodi 
covering the core . The light emits from the core . Ligands ments , doping the electron blocking layer 60 with Ag makes 
making the first particles dispersible in the solvents may be 65 Ag2Se form in the electron blocking layer 60. By substitu 
attached to a surface of the shell . An energy band gap of the tionally doping the electron blocking layer 60 with Ag , Ag 
core is different from an energy band gap of the shell . can provide additional holes to the electron blocking layer 
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60 and decrease the electron mobility thereof . Therefore , lifetime of the quantum dot light - emitting diodes 10 and 10 ' 
elections are kept in the light - emitting layer 70 effectively is about 18.3 times the lifetime of the Comparative Example . 
and hence the device efficiency is enhanced . Electrons are For the purpose of description and verification of influ 
prevented from affecting the hole transporting layer 50 as ence of disposing the electron blocking layer 60 between the 
well . As a result , the device lifetime is increased and a 5 light - emitting layer 70 and the hole transporting layer on the 
stability of utilization of quantum dots is improved . quantum dot light - emitting diode 10 , an electron - only 
The electron transporting layer 80 may be a metal oxide device and a hole - only device are formed to compare the 

layer , for example , ZnO , TiO2 , ZrO2 , ZnMgO , SnO2 , the hole transporting and electron transporting in the quantum 
like , or a combination thereof . dot light - emitting diode 10 . 

The cathode electrode layer 90 may be made of a con- 10 FIG . 4 is a cross - sectional view of an electron - only device 
ductive material having a low work function . For example , 100 according to some embodiments of the present disclo 
the cathode electrode layer 90 may be a metal electrode sure . The electron - only device 100 includes the anode 
made of Al , Mg , or Al - Mg alloy . electrode layer 30 , the electron transporting layer 110 , the 
FIG . 1B is a cross - sectional view of a quantum dot electron blocking layer 60 , the light - emitting layer 70 , the 

light - emitting diode 10 ' according to some embodiments of 15 electron transporting layer 80 , and the cathode electrode 
the present disclosure . The main difference between the layer 90. FIG . 5 is a graph illustrating current density 
quantum dot light - emitting diode 10 ' and the quantum dot voltage ( J - V ) curves of the electron - only device 100 of an 
light - emitting diode 10 is that : a thickness T ' of the electron Example according to the present disclosure and an electron 
blocking layer 60 ' of the quantum dot light - emitting diode only device according to a Comparative Example . The 
10 ' is greater than a thickness T of the electron blocking 20 Comparative Example does not have the electron blocking 
layer 60 of the quantum dot light - emitting diode 10. For layer 60 but has the substrate 20 , the anode electrode layer 
example , the thickness T ' is in a range from about 20 nm to 30 , the electron transporting layer 110 , the light - emitting 
about 100 nm . A current efficiency of the luminance of the layer 70 , the electron transporting layer 80 , and the cathode 
quantum dot light - emitting diode 10 is better than a current electrode layer 90. As shown in FIG . 5 , an electron current 
efficiency of the luminance of the quantum dot light - emit- 25 density of the electron - only device 100 is less than an 
ting diode 10 ' . It is to be noted that the elements and the electron current density of the Comparative Example . That 
connection relationships of the elements described above is to say , the electron blocking layer 60 is beneficial in 
will not be repeated in the following description . reducing the electron current density . A material of the 

FIGS . 2A and 2B are characteristic comparison diagram electron transporting layer 110 is similar to a material of the 
of the quantum dot light - emitting diode 10 ( Example 1 ) 30 electron transporting layer 80 and will not be repeated in the 
including the electron blocking layer 60 and the quantum dot following description . 
light - emitting diode 10 ' ( Example 2 ) including the electron FIG . 6 is a cross - sectional view of a hole - only device 120 
blocking layer 60 ' according to some embodiments of the according to some embodiments of the present disclosure . 
present disclosure and a Comparative Example . The Com- The hole - only device 120 includes the anode electrode layer 
parative Example does not have an electron blocking layer 35 30 , the hole injection layer 40 , the hole transporting layer 50 , 
60 but has the substrate 20 , the anode electrode layer 30 , a the electron blocking layer 60 , the light - emitting layer 70 , 
hole injection layer 40 , a hole transporting layer 50 , a the hole transporting layer 130 , the hole injection layer 140 , 
light - emitting layer 70 , an electron transporting layer 80 , and the cathode electrode layer 90 sequentially disposed on 
and a cathode electrode layer 90 . the substrate 20. FIG . 7 is a graph illustrating current 
FIG . 2A is a graph illustrating current density - voltage 40 density - voltage ( J - V ) curves of the hole - only device 120 of 

( J - V ) curves . As shown in FIG . 2A , a property of the carrier an Example according to the present disclosure and a 
of the quantum dot light - emitting diode 10 and a property of Comparative Example . The Comparative Example does not 
the carrier of the quantum dot light - emitting diode 10 ' are have the electron blocking layer 60 but have the anode 
better than a property of the carrier of the Comparative electrode layer 30 , the hole injection layer 40 , the hole 
Example . FIG . 2B shows luminance - current efficiency 45 transporting layer 50 , the light - emitting layer 70 , the hole 
( Yield ) curves . A current efficiency of the luminance of the transporting layer 130 , the hole injection layer 140 , and the 
quantum dot light - emitting diode 10 and a current efficiency cathode electrode layer 90. As shown in FIG . 7 , the hole 
of the luminance of the quantum dot light - emitting diode 10 ' current density of the hole - only device 120 is similar to the 
are better than a current efficiency of the luminance of the hole current density of the Comparative Example . That is to 
Comparative Example . 50 say , the electron blocking layer 60 may not affect the hole 

FIG . 3 is characteristic comparison diagram of lumi- current density . A material of the hole transporting layer 130 
nance - voltage ( L - V ) characteristics of the quantum dot and a material of the hole injection layer 140 may be similar 
light - emitting diode 10 including the electron blocking layer to a material of the hole transporting layer 50 and a material 
60 , the quantum dot light - emitting diode 10 ' including an of the hole injection layer 40 , respectively , and will not be 
electron blocking layer 60 ' and a Comparative Example . The 55 repeated in the following description . 
Comparative Example does not have an electron blocking As discussed above , the electron blocking layer 60 may 
layer 60 but have two layers of hole transporting layers . In block the electrons from passing through the light - emitting 
particular , the Comparative Example includes the substrate layer 70 and affecting the hole transporting layer 50 and may 
20 , the anode electrode layer 30 , a hole injection layer 40 , not affect the hole transporting to the light - emitting layer 70 . 
two hole transporting layers , a light - emitting layer 70 , an 60 As a result , the electron blocking layer 60 is beneficial for 
electron transporting layer 80 , and a cathode electrode layer improving the balance between the electron and the hole 
90. Materials of the two hole transporting layers include effectively and makes the electrons be kept in the light 
TFB and PVK , respectively . As shown in FIG . 3 , the emitting layer 70 and thus improves the device efficiency of 
quantum dot light - emitting diodes 10 and 10 ' according to the quantum dot light - emitting diode 10. The influence of 
the present disclosure have better device efficiency and 65 the electrons on the hole transporting layer 50 is also 
higher device lifetime than the device efficiency and device prevented and thus the aging behavior of the device is 
lifetime of the comparative example . In particular , the alleviated , which in turn increases the device lifetime . 
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Therefore , the stability of utilization of the quantum dot particles are quantum dots , and a size of the second 
light - emitting diode 10 is improved . particles is smaller than a size of the first particles . 

Although the present invention has been described in 2. The quantum dot light - emitting diode of claim 1 , 
considerable detail with reference to certain embodiments wherein a material of the first particles and a material of the 
thereof , other embodiments are possible . Therefore , the 5 second particles are substantially the same . 
spirit and scope of the appended claims should not be limited 3. The quantum dot light - emitting diode of claim 1 , 
to the description of the embodiments contained herein . wherein the electron blocking layer includes a plurality of 

It will be apparent to those skilled in the art that various p - type dopants . 
modifications and variations can be made to the structure of 4. The quantum dot light - emitting diode of claim 1 , 
the present invention without departing from the scope or 10 wherein the electron blocking layer includes Ag . 
spirit of the invention . In view of the foregoing , it is intended 5. The quantum dot light - emitting diode of claim 1 , 
that the present invention cover modifications and variations wherein the second particles have a diameter in a range from 
of this invention provided they fall within the scope of the about 1 nm to about 3 nm . 
following claims . 6. The quantum dot light - emitting diode of claim 1 , 

What is claimed is : 15 wherein the first particles and the second particles are CdSe . 
1. A quantum dot light - emitting diode , comprising : 7. The quantum dot light - emitting diode of claim 1 , 
a substrate , wherein the electron blocking layer includes CdSe . 
an anode electrode layer disposed on the substrate ; 8. The quantum dot light - emitting diode of claim 1 , 
a cathode electrode layer disposed on the anode electrode further comprising : 

layer ; at least one hole transporting layer disposed between the 
a light - emitting layer disposed between the cathode elec anode electrode layer and the electron blocking layer , 

trode layer and the anode electrode layer , wherein the wherein the hole transporting layer is in direct contact 
light - emitting layer includes a plurality of first par with the electron blocking layer ; and 
ticles ; and an electron transporting layer disposed between the cath 

an electron blocking layer disposed between the light ode electrode layer and the light - emitting layer , 
emitting layer and the anode electrode layer , wherein wherein the electron transporting layer is in direct 
the electron blocking layer includes a plurality of contact with the light - emitting layer . 
second particles , the first particles and the second 

20 

25 


